ABSTRACT The effects of time-limited feeding, genetic background, and egg storage on white striping (WS) and wooden breast (WB) in broilers were studied. Male chicks (240) from 2 genetic backgrounds and 2 egg storage periods were fed on either an ad libitum (AL) or time-limited (TL) program from 7 d of age. A rapid growth strain (Growth) and an enhanced yield strain (Yield) of broiler breeder males were mated to a single female line and eggs were stored for periods of either 1 to 7 d or 8 to 14 d. Body weight (BW), feed consumption, and feed conversion ratio (FCR) were determined weekly. Carcass data including WS and WB scores were collected at 42 d of age. Breast muscle scoring was conducted either visually or by hand palpation using a 1 to 4 point ordinal scale (normal to greatest severity). Data were analyzed using the Mixed procedure of SAS. 
INTRODUCTION
Myopathies of poultry breast muscle have drawn considerable attention over the past decade as the poultry industry has attempted to understand and prevent what has been termed white striping (WS) and wooden breast (WB) muscle. The WS myopathy has been described as the presence of white striations parallel to breast muscle fibers (Pectoralis major) in broilers (Kuttappan et al., 2012a,b) and has been characterized by the onset of histological lesions associated with myodegeneration and necrosis, lymphocyte and macrophage infiltration, fibrosis, lipidosis, and myoregenerative characteristics (Kuttappan et al., 2013b; Sihvo et al., 2014; Petracci et al., 2015) . Breast muscle exhibiting WS has exhibited greater percentage moisture, drip loss, intramuscular fat, and collagen coincident with decreased levels of protein and ash (Mudalal C et al., 2014) . Pectoralis major exhibiting WB has exhibited palpably firm and tough post-mortem meat localized in the central, thickest portion of the breast muscle (Sihvo et al., 2014) . In severe cases of WB, a prominent ridge-like bulge of the caudal area (coarse texture), clear viscous fluid (edema), and petechial multifocal lesions on the surface have been observed (Sihvo et al., 2014) . Further examinations of WB have described the condition as having an onset of necrosis and fibrosis, infiltration of connective tissue, lipid infiltration, fiber size variability, fiber degeneration and regeneration, and an infiltration of inflammatory cells (Sihvo et al., 2014; Petracci et al., 2015; Kuttappan et al., 2016) . Glycogen content was reported to be significantly reduced in tissues from severely affected WB, whereas biomarkers associated with oxidative stress and altered glucose utilization were more evident (Abasht et al., 2016) .
Breast fillets that were mildly affected by WS or WB have typically been sold, even as boneless, skinless fillets. However, moderately and severely affected tissues have been frequently directed to further processed 217 products. These myopathies have been associated with decreased protein functionality and poor consumer acceptance Petracci et al., 2015) . Most recently these myopathies have been addressed by the USDA's Food Safety and Inspection Services (FSIS) who has notified their inspection personnel that the associated inflammatory tissue should be considered an "adulterant", which would necessitate its removal (United States Department of Agriculture, 2017) .
Fast-growing genetic lines of broilers reared in intensive animal production systems have exhibited an increased breast muscle yield of 5% over the recent decade . This increased breast muscle yield (due to hypertrophy of the larger breast muscle fibers) and growth rate has been speculated as being the primary cause of these myopathies, with blame being placed on the restriction of blood flow leading to decreased circulating oxygen (Kuttappan et al., 2012b; Mudalal et al., 2014; Sihvo et al., 2014; Petracci et al., 2015) . Feed restriction, as a means to slow growth rate, has produced mixed results with WS frequency trending upward in broilers subjected to feed restriction although WB score frequency was not affected (Trocino et al., 2015) . Differences in gender and genetic strain (growth vs. yield) have often been reported to elicit minimal effects on WS but males from 2 genetic backgrounds were twice as likely to exhibit WB than their female counterparts (Trocino et al., 2015) . To date, there have been few studies that have examined potential management or nutritional strategies that successfully reduced the occurrence of the WS or WB myopathies. Meloche et al. (2018) concluded that altering amino acid density and energy may reduce WB or WS myopathies although it may come at the expense of growth and performance characteristics.
This study evaluated how feeding program, genetic background, and egg storage may affect the occurrence of WS and WB in broiler breast muscle. Furthermore, this study examined live performance factors and meat quality attributes of broilers presenting with varying degrees of WS and WB to better understand their cause.
MATERIALS AND METHODS

Facilities
This experiment was conducted between the months of August and October 2015 with selected matings conducted by artificial insemination during the month of July. All procedures used in this study were reviewed and approved by the Institutional Animal Care and Use Committee. The broiler growing house was equipped with 40 uniform floor pens (1.2 m × 1.8 m; 2.16 m 2 ) equipped with 1 bell drinker, 1 tube feeder, and bedded with fresh pine shavings (15 cm). Four additional floor pens were utilized at the end of each row of pens to eliminate "end-pen" performance differences (2.4 m × 1.2 m; 5 m 2 ).
Genetic and Incubation Parameters
Individually caged, commercially available broiler breeder females (n = 64) from a broiler breeder yield strains were inseminated at weekly intervals with pooled semen from 1 of 2 male strains. Male strains were either a fast growing Growth strain producing a slightly larger conventional bird or a Yield strain producing a slightly smaller yet greater yielding breast meat bird. Semen from 4 males per strain were pooled in order to have sufficient volume to inseminate 32 hens per treatment. Each group of females represented a similar BW distribution. Following 2 weekly inseminations, collection of eggs began with identity of male strain maintained. Eggs were collected once daily whereas weekly inseminations continued, stored at 15
• C, and set in incubators after a 14 d collection period. Eggs were also identified as being either short storage (SS, collected 1 to 7 d prior to incubation) or long storage (LS; collected 8 to 14 d prior to incubation) and this factor was nested within treatments. There were 8 trays set from each combination of male genetic background (Growth or Yield) and egg storage period (Long and Short) containing 90 to 105 eggs per tray. Preheating encompassed moving the eggs into the setter room at 26.6
• C for 12 h with air movement (portable fans) directed onto the eggs. Eggs were then moved into a Natureform model NMC-2000 incubator (Natureform International, Jacksonville, FL) with set points of 38.0
• C dry bulb temperature and 29.4
• C wet bulb temperature. Vents were opened at increasing intervals as incubation progressed. Machine dry bulb set point temperature was changed to 37.5
• C after 4 d of incubation. The wet bulb temperature set point was thereafter maintained at 28.3
• C. Dry bulb temperature was gradually decreased and ventilation increased after 12 d of incubation to maintain an egg shell temperature of approximately 37.8
• C in accordance with previous research findings (Leksrisompong et al., 2007) .
Rearing, Diets, and Feeding Program
Hatched chicks were sex sorted and maintained separate by hatching tray. Male chicks were permanently identified with neck tags and placed in 40 separate floor pens (6 chicks per pen) blocked by location within the house. There were 20 pens per male genetic backgrounds (Growth or Yield, n = 20). Egg storage period was blocked as either long egg storage or short egg storage within each of these pens. Short stored eggs represented approximately 55% of placed chicks as compared to 45% from long stored eggs. All pens received 0.91 kg of starter feed per bird. All feed consumption was recorded. From placement to 7 d of age, all chicks received ad libitum (AL) access to a common starter diet (Table 1) . Dry ingredients were blended for 180 s in a twin shaft counterpoise mixer (Model TRDB126-0604, Hayes and Stolz, Fort Worth, TX), followed by addition of fat and mixing for an additional 90 s. The starter diet was pelleted and crumbled. At 8 d of age a time-limited (TL) feeding program was implemented for half of the pens by raising the feeders from 0900 to 1700 h daily through the duration of the trial. A common pelleted grower diet (Table 1) 
Processing
At 42 d, 24 pens that comprised 6 pens from each male strain and feeding program combination with egg storage period nested within those combinations were selected for processing. Feed was removed for 8 h with ad libitum access to water prior to catching and transport. Broilers were collected in the early morning (0600 h) and transported from the broiler house to the on-site commercial style pilot processing facility. Broilers were weighed and hung on an automated shackle line, electrically stunned, and carotid artery and jugular vein were severed manually by a trained individual using a knife cut. Bleeding time was approximately 1 min 45 s prior to entry into an agitated scald bath at 62.2
• C for 1 min 20 s. This was followed by feather picking using in-line processing equipment. Hot carcass weights (HCW) were collected prior to carcasses being air chilled at 3.0
• C for approximately 24 h. Cold carcass weights (CCW) were collected followed by carcass cut-out piece weights, which included wing, leg, thigh, tender pairs, butterfly skinless breast, breast skin, and frame (remainder). A WB and WS scoring system was developed for the Pectoralis major on a 1 to 4 point ordinal scale using a single trained and experienced technician. The WB scoring comprised a hand palpation method where a score of 1 indicated normal, or no signs of wooden breast meat. A score of 2 indicated some firming or hardening of the breast with over 50% of nonaffected tissue being pliable. A WB score of 3 indicated that more than 50% the breast was hard and resisted palpation but with some pliability still present. A WB score of 4 indicated no presence of pliability and over 90% of the breast hard to the touch. This scoring system utilized hand palpation only with no bias given to visual appearance such as hemorrhages or color. The scoring system developed for the WS myopathy included a score of 1 for normal breast tissue, or no signs of striping. A WS score of 2 indicated a mild amount of striations, a WS score of 3 indicated a moderate amount of striping, and a WS score of 4 indicated severe striations across the ventral portion of the boneless skinless breast fillets.
Breast muscle pH was collected using an Oakton (phmtr30) pH meter with spear probe submerged 1.0 cm into the thickest point of the left ventral portion of the breast fillet. This same location on the right breast fillet was utilized to determine drip loss by collecting a 2.54 cm portion of muscle cut perpendicular to the direction of the muscle fibers. This sample was then weighed, suspended by fish hook, and line inside a whirl pack bag, and allowed to drip for 48 h. Samples were then re-weighed and percentage drip loss calculated ((weight initial − weight final) ÷ weight initial).
Statistical Analysis
Live performance characteristics including mean BW, feed consumption, and FCR were analyzed as a 2 × 2 factorial design (feeding program × genetic background) using pen as the investigational unit. Individual dependent variables (individual BW, carcass and piece weights, percentage piece yields, pH, drip loss, wooden breast, and white striping scores) were analyzed as a 2 × 2 × 2 factorial design with independent variables of feeding program, genetic background, and egg storage period as is typically the case for meat quality parameters. Percentage data were subjected to arcsin transformation prior to analysis. Each broiler was considered an investigational unit with pen as a 
RESULTS
Live Performance
The effects of feeding program and male genetic background on live performance on a pen basis, irrespective of egg storage period, are shown in Tables 2-4. Broiler BW was reduced (P < 0.01) by TL feeding from 14 to 47 d of age (Table 2 ). The Growth strain produced broilers with greater BW (P < 0.01) from 21 to 47 d of age when compared to broilers from the Yield background. There were no interaction effects of feeding program and genetic background.
Feed consumption (Table 3) was reduced by TL feeding from 14 to 42 d (P < 0.01) and increased from 43 to 47 d (P < 0.05) as compared to AL feeding. Feed consumption was greater (P < 0.01) for Growth broilers from 21 to 47 d of age as compared to Yield broilers. The feed conversion ratio (FCR) ( Table 4) A,B Main effect means within a column lacking a common superscript differ significantly (P < 0.01). 1 Main effect means calculated using individual BW of 240 total broilers placed with egg storage period (S) nested within (F × G).
2 Treatments: AL = ad libitum, TL = time-limited, Growth = rapid growth, Yield = high breast meat yield, short egg storage period (1 to 7 d), long egg storage period (8 to 14 d). The effects of feeding program, male genetic background, and egg storage period on individual BW irrespective of pen are shown in Table 5 . These data are presented in this manner as the carcass data will also be presented on an individual bird basis and to demonstrate the nested effect of egg storage period. Similar to the data shown on a pen basis in Table 2 , TL feeding reduced BW (P < 0.01) from 14 to 47 d of age, whereas Growth broilers weighed more (P < 0.01) from 21 to 47 d of age. The longer egg storage period (8 to 14 d) reduced (P < 0.01) BW of broilers from 14 to 42 d of age. There was an absence of interaction effects except at 14 d of age where Yield broilers subjected to long egg storage produced significantly smaller BW (476 g) when compared to the remainder of the broilers (499, 494, 504 g; P < 0.05).
Meat Quality and Yield
The effects of feeding program, male genetic background, and egg storage period on carcass characteristics and meat quality of individual broilers at 42 d of age are shown in Table 6 . The BW and HCW were significantly increased by AL feeding (P < 0.01), Growth strain (P < 0.01), and short egg storage (P < Main effect means within a column lacking a common superscript differ significantly (P < 0.05). A,B Main effect means within a column lacking a common superscript differ significantly (P < 0.01). 1 Main effect means calculated using 118 individual broilers at 43 d with egg storage period (S) nested within (F × G) 2 . 2 WS = white striping (1 = none, 2 = mild, 3 = moderate, 4 = severe), WB = wooden breast (1 = none, 2 = mild, 3 = moderate, 4 = severe), Drip Loss = (initial weight − final weight) ÷ initial weight × 100. 0.05). Further, AL fed broilers exhibited 0.67% greater dressing percentage when compared to TL fed broilers (P < 0.01). Percentage leg and thigh meat were significantly greater in broilers fed AL (P < 0.01), Growth genetic background (P < 0.01), and short egg storage (P < 0.05). Weight of wings was greater (P < 0.01) for AL and Growth birds. The Pectoralis major muscle mass was greater (P < 0.01) due to AL, Growth genetic background, and short egg storage whereas Pectoralis minor weight was increased by AL feeding (P < 0.05) and Growth strain (P < 0.01). However, percentage total breast muscle yield was significantly (P < 0.01) greater (+1.3%) only for broilers fed AL when compared to those fed on a TL basis. The AL fed broilers exhibited greater 24-h post-mortem muscle pH (P < 0.01) and reduced drip loss percentage (P < 0.01). Percentage drip loss was also reduced (P < 0.01) in meat from Growth broilers when compared to Yield broilers. An interaction was observed between feeding program and egg storage period on WS scores (Table 6 ). The WS muscle scores of AL fed broilers produced from long stored eggs were significantly greater compared to those from AL fed broilers produced from short stored eggs (3.15 vs. 2.58; P < 0.05), which may have been related to the BW of broilers from long stored eggs being lower by over 100 g (P < 0.05). The WS muscle scores were similar between feeding programs when short stored eggs were utilized. There were no other interaction effects found for carcass and piece yields and meat quality. 
Frequency of Myopathies and Feeding Program
The effects of feeding program on WS and WB frequency distributions at 42 d of age are shown in Figures 1 and 2 , respectively. The AL fed broilers exhibited a greater WS muscle score (Figure 1 ) when compared to TL fed broilers (2.87 vs. 1.64; P < 0.01). Over 60% of AL fed broilers displayed a moderate or severe incidence of WS, whereas over 80% of TL fed broilers showed mild or no signs of WS. The WB muscle scores (Figure 2 ) differed between feeding programs (P < 0.01) with broilers fed AL displaying a greater WB score when compared to TL fed birds (2.89 vs. 2.14; P < 0.01). The majority of AL fed broilers exhibited moderate or severe signs of WB (over 65%), whereas the majority of TL fed broilers exhibited mild or no signs of WB (over 67%).
Frequency of Myopathies and Genetics
The effects of genetic strain on WS and WB frequency distributions at 42 d of age are shown in Figures 3 and 4 , respectively. Growth broilers exhibited a greater WS muscle score (2.47 vs. 2.03; P < 0.01) as compared to Yield broilers with over 60% of Yield broilers exhibiting mild or no signs of WS (Figure 3) . However, Yield broilers exhibited a greater WB muscle score (2.65 vs. 2.38; P < 0.05) when compared to Growth broilers and over 66% of Growth broilers exhibited either mild or no signs of WB (Figure 4) . 
Carcass and Meat Quality as Related to Myopathy Score
Carcass piece weights, yield, and quality in relationship to myopathy scores of 1 to 4, independent of treatment effects, are presented in Tables 7 (WS) and 8 (WB). Regardless of treatment group, as broiler BW increased (Table 7) WS scores also increased (r = 0.44; P < 0.01). Furthermore, cut-out data demonstrated a similar significant correlation between HCW and piece weights and increased WS scores. Pectoralis major, wing, thigh, and leg weights exhibited positive correlation to WS scores with r values of 0.51, 0.28, 0.43, and 0.37, respectively (P < 0.01). Percentage breast meat of broilers exhibiting WS scores of 2, 3, or 4 were over 1.5% greater (P < 0.01) than broilers without signs of WS (score of 1) (33.0 vs. 34.5%). Final pH of breast fillets also exhibited a significant correlation to WS scores (r = 0.52; P < 0.01) with final pH values of 5.74, 5.90, 6.00, and 5.98 for WS scores of 1, 2, 3, and 4, respectively. The WS scores (Table 7 ) also correlated closely with WB scores (r = 0.52; P < 0.01).
The WB scores (Table 8 ) displayed correlations to cut-out data including carcass dressing percentage (r = 0.52; P < 0.01), percentage breast muscle (r = 0.33; P < 0.01), and Pectoralis major weight (r = 0.23; P ≤ 0.01). Percentage breast muscle yield was significantly correlated with both WS and WB (both r = 0.24; P < 0.01). However, when accounting for genetic background, BW of Growth broilers was not significantly correlated with WB, whereas BW of Yield broilers was significantly correlated with WB (r = 0.30; P < 0.01).
DISCUSSION
White striping (WS) and wooden breast (WB) muscle myopathies continue to be observed throughout the world poultry industry (Lorenzi et al., 2014; Kuttappan et al., 2016) . The negative aspects of both WS and WB render them somewhat undesirable for the fresh retail market because consumers have indicated that they would rather not purchase products displaying signs of myopathies if given the choice (Kuttappan et al., 2012b) . As downgraded products, these tissues exhibit reduced protein functionality, which have included reduced water holding capacity and increased cook loss, making them less acceptable for use as further processed products . However, there has been very limited research related to management manipulation of these breast muscle myopathies. Reducing the occurrence of these broiler breast myopathies through genetic selection and/or management practices would be of considerable importance to the poultry industry.
Feeding Program
Feeding program clearly affected broiler live performance, carcass and piece yields, and meat quality including breast muscle myopathies (Tables 2-6 and Figures 1 and 2) . Broiler BW and breast muscle yield were increased by AL feeding when compared to TL feeding, which was consistent with previous findings (Acar et al., 1995; Urdaneta-Rincon and Leeson, 1996; Trocino et al., 2015) . As employed in the present research, TL feeding reduced feed intake to approximately 90% of AL fed birds. This was similar to the study conducted by Urdaneta-Rincon and Leeson (1996) where broilers were fed 90% of their ad libitum contemporaries. In another study, Trocino et al. (2015) restricted broilers to 80% of ad libitum fed birds from 13 to 21 d of age (Trocino et al., 2015) . These prior studies reported that BW and breast muscle yield were significantly reduced compared to ad libitum fed broilers, which was consistent with the present results. Moreover, the present FCR was improved by TL feeding, which was also consistent with other research findings (Acar et al., 1995; Urdaneta-Rincon and Leeson, 1996) .
The impact of TL feeding, besides the decreased BW and improved FCR, may also be associated with a reduced production of biological by-products (lactic acid and H+ ions) and their detrimental effects. This was suggested by the work of Acar et al. (1995) who determined that feed restriction reduced the incidence of ascites but came at the expense of BW and breast muscle yield. There remains little doubt that reduced growth rate can lead to a reduced incidence of biological disorders such ascites (Acar et al., 1995; Hassanzadeh et al., 2014) . It may be possible that these muscle myopathies are an ascites-like condition manifested in the muscle tissue.
When fed AL in the present study, broilers presented a relatively normal distribution of WS scores. However, when TL feeding was applied, this frequency distribution became heavily skewed to the left (Figure 1 ) to produce significantly reduced WS scores with mostly mild or no signs of WS. This differed from the findings of Trocino et al. (2015) , where feed restriction tended (P < 0.07) to increase WS by nearly 10%. However, in that study feed restriction was only temporary and broilers were later allowed ad libitum access to feed. Finally, the longer period of TL feeding employed in the present experiment without a return to ad libitum feeding, and thus a continued slower growth rate, probably contributed to the reduced WS scores.
The frequency distribution of WB scores was also normally distributed when broilers were given AL access to feed. However, when TL feeding was utilized these frequencies shifted to the left (Figure 2 ). Severe WB scores (4) were not detected in TL fed broilers, which was a considerable reduction in WB as compared to broilers fed AL. These WB results in the presence of TL feeding also disagreed with the findings of Trocino et al. (2015) , who detected no significant differences in WB frequency with restricted fed broilers (Trocino et al., 2015) . This could also be attributed to differences in feed restriction duration and genetic background of the broilers. The WS and WB myopathies detected in this experiment were associated with elevated 24-h meat pH values, which agreed with several prior reports (Kuttappan et al., 2012b (Kuttappan et al., , 2013b Mudalal et al., 2014; Petracci et al., 2015) . It was clear, however, that when a manipulation of either WS or WB was achieved, it could be identified by examining the shift in frequency distribution of these scores (Figures 1-4) , as well as the mean myopathy scores.
Genetic Background
Live performance was affected by male genetic background in this study. This was likely due to differences in growth rate as well as percentage breast muscle yield. The Yield strain produced a significantly smaller BW broiler with a slower growth rate but with a similar percentage breast muscle yield as compared to the Growth strain. The cumulative FCR was not significantly affected by male genetic background. However, in this study broilers produced from the Yield strain male exhibited reduced WS scores and greater WB scores (Figures 3 and 4) . These findings differed from others who reported no significant differences in myopathy scores and an improved FCR when utilizing a standard commercial strain as compared to a high yield strain (Trocino et al., 2015) .
It was clear that WS scores were correlated to BW (r = 0.44; P < 0.01) in both male genetic backgrounds (Tables 7 and 8) , whereas the WB myopathy was not significantly correlated to BW (P < 0.29). However, WB scores were significantly correlated to percentage breast muscle yield in the Yield strain (r = 0.30; P < 0.02), whereas the Growth strain exhibited no significant correlation between WB and percentage breast muscle yield (P < 0.33). This suggested that male genetic background and growth rate played a considerable role in the development of WB myopathies.
Egg Storage
Longer egg storage (8 to 14 d) reduced broiler BW by over 3% throughout the trial and produced carcasses that were over 4% smaller. Absolute breast muscle weight was also reduced by 7% yet percentage breast muscle yield was not affected by egg storage. However, the interaction of longer egg storage and AL feeding increased WS scores significantly. This increased WS occurred despite the smaller BW and breast muscle mass of broilers hatched from longer stored eggs, which differed from other research that has indicated that greater BW (Petracci et al., 2013; Kuttappan et al., 2013a; Lorenzi et al., 2014) or breast muscle mass (Kuttappan et al., 2012a) were closely associated with WS. This suggested that greater BW alone was not necessarily responsible for WS as broilers from longer stored eggs subjected to AL feeding exhibited significantly greater WS scores despite their reduced BW.
The authors found no literature linking egg storage period to breast muscle myopathies, at the time of this study. However, there has been considerable evidence to suggest that egg storage period significantly affected albumen quality and broiler live performance (Benton and Brake, 1996; Brake et al., 1997; Hamidu et al., 2011; Tona et al., 2017) . Egg storage period has been associated with an increased incidence of apoptotic genes at the blastoderm level of the cell (Hamidu et al., 2011) . Moreover, optimum albumen quality has been suggested to be strategic for egg blastoderm position at the start of incubation (Brake et al., 1997) and declined with greater storage period (Benton and Brake, 1996; Brake et al., 1997; Hamidu et al., 2011) . Declining albumen quality has been attributed to an increased albumen pH due to CO 2 losses and embryonic ammonia production during storage (Brake et al., 1997) . The effects of increased egg storage period have typically included poorer chick quality and broiler live performance (Benton and Brake, 1996; Brake et al., 1997; Hamidu et al., 2011; Tona et al., 2017) , as observed in the present study. Moreover, it was clear that longer egg storage certainly had an effect that resulted in an increase in WS of broiler breast muscle when given AL success to feed, despite the associated reduction in broiler BW. The effect of egg storage time on growth rates and WS myopathies should be explored with further studies.
Overall, it can be concluded that slower growth rates would reduce WB and WS myopathies but only when excluding longer egg storage periods. The association of myopathies with broiler growth rate can probably be attributed to an increased metabolic rate and an increased need to remove the by-products of metabolism from rapidly growing tissues, in this case breast muscle. Furthermore, there was a hyperbolic increase in final meat pH as both WS and WB scores shifted from scores of 3 to 4 with greater differences in pH values between scores of 1 and 2, in a manner similar to previous research Trocino et al., 2015; Abasht et al., 2016; Kuttappan et al., 2016) . These pH values probably reflected a reduction in postmortem lactic acid production in these myopic tissues. This can be attributed to a reduction in glycogen storage rather than a reduction in enzymatic activity, which was also suggested by previous research (Abasht et al., 2016) .
